LA-UR-13-25354

Approved for public release; distribution is unlimited.

Title: Penetrating Radiation: Application at Los Alamos
National Laboratory

Author(s): Watson, Scott A.
Hunter, James F.
Morris, Christopher

Intended for: Penetrating Radiation Systems and Applications XIV, 2012-08-25 (San
Diego, California, United States)

Issued: 2013-07-16

e
)
» Los Alamos

MATIONAL LABORATORY
EST.1543

Disclaimer:

Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National

Security, LLC for the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.
By approving this article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to

publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes.

Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the

U.S. Departmentof Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish;
as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.



Penetrating Radiation:
tl.os Al:an,rru- National Laboratory

/'\

> Los Alamo

NATIONAL LABORATORY

SCOtt A. ‘ atson, Chris Morris, James Hunter
Los Alamos National Laboratory
Advanced Nuclear Technology Group (N-2)

’ scottw@Ilanl.gov




ol

 Acknoewiledgements

alzer, Jacob Mendez, John Mihalczo,
Bender, Mike Duncan

ChnsSaviernispvames Hunter, Steve

& ROLEN: MHOW
1 .. . .
Lw@fil'mp'w Bicron, NSTec, Mikrosystems,

[DECISION SCIences, British Petrolium, DTRA, Varian Medical
1" MIKRO “VA RVA N

medical systems f/;;‘:-‘

bp oecision 7
sciences
.‘ Security Solutions

OAK
RID GE NST Technologies

National Laboratory

o National Securit



@ftline
*History *
e Manhattan Project ."
 Post Cold War CTBT rf..

[ ANL Radiographic Source
s DARHT ik
* LANSCE x’-
 Microtron \

L ANL Detectors
* DARHT Gamma Ray Cairr
* Megavolt Bu 1\/ J
B V[0)¢ I 5
= "UL-A
-' DU g 1v1A

{-,-v%i_ A\ [E=Extrem
“3He Radlography
« BPOil Spill =~

-

“e Muon Radiography




diegraphy at LL.os Alamos

melfAVAE 219 B REL
o r A
ok N| to
S proposed to
the implosion
incidence of the X-rays as
a grid of small
al aims of the
tion of the

UC

by dete t
a functic
Gei' counters.
program were: (1)
counters, ana tion of the amount of
scattered radiation. These objectives were
pursued relentlessly, but because of the
great technical difficulties, with very little
real success, the program was dropped in

March, 1945.” —Project Y History.

|
alJ

Dynamic
LAY, B 2 o 2

Figure 2. Radiographs of an Explosively Driven Implosion Experiment
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NISTEydrotesting?

K-up nuclear package during which
ﬂotions and reactions of materials
st diagnostics systems include: flash

d photography, and interferometry .”
ition
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Analysis of FTO Data: Scatter Levels At DARHT And Performance of An Anti-Scatter
Grid. Defense Research Review, Vol. 17.1. 20009.
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* «DARHT - 20 MeV Flash X-rays.
" JLANSCE - 800MeV Protons.

= .Microtron — 6,9, and 20MeV
bremsstrahlung x-rays.

. .ll'!:,otopes — Co-60, Cs-137, Co-57 etc.

«Portable Systems — Golden XRS-3,
JME Betatron, A&E PORTACS.



[DARHT 1st Axis Camera

oL arge format y-ray camera. Designed
or high DQE (>50%) and low Compton

atter blur to match DARHT.

y -
Uses Spectral Instruments TE-cooled

amera with a Fairchild, 4096x4096
bac“minned CCD, with 15u pixels.

oUses large (55cm diam.), segmented,
LSO array.

oUses heavy blast protection “house”.

Magazine Vol. 28. Los Alamos National Laboratory. 2003.




IDNIREINZnd Axis Camera

me design, 40% QE.

ied for very high QE, low blur, and
Ih frame rate to match DARHT II.

ustom MIT-LL CCD’s.
)

«Employs advanced metal grid scintillator
construction.

“eCaptures radiographs at 2 million frames
per second.

oFirst hydrotest movie — shot 3618.

«First movie of W-88 implosion — shot
3648.

Lincoln Laboratory High-Speed Solid-State Imager Technology. International
Conference On High Speed Photography and Photonics. SPIE Vol. 6279,
62791k. 2006.



o New construction techniques
have been developed, including:
sawcutting, growth in metal
matrix, assembly in focused
metal matrix, and photo-etching.

«\/ery large scintillators are now
being fabricated.

Cost Effective Segmented Scintillating Converters for Hard X-Rays. International
Symposium on Optical Science, Engineering and Instrumentation, SPIE, 1996.



The Pulsed High-Energy Radiographic Machine Emitting X-Rays (PHERMEX) Flash Radiographic
Camera. 22nd International Congress on High-Speed Photography and Photonics, 1996.
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~ «World’s fastest movie camera.

oUses unique, in-line, modular
design.

«Designed for very high QE
(50%), high speed 20Mfps, and
large number of frames (4096).

«Can use protons, visible light,
Oor X-rays.

«32 X 32 pixels x 4096 frames.
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Scientist as detective: Luis Alvarez and the pyramid
burial chambers, the JFK assassination, and the end
of the dinosaurs. Wohl. C. G.. American Association
of Physics Teachers. 2007.
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A new method for imaging nuclear threats using cosmic ray muons
C. L. Morris, Jeffrey Bacon, Konstantin Borozdin, Haruo Miyadera, John Perry, Evan Rose, Scott Watson, Timothy White, Derek Aberle, J.
Andrew Green, George G. McDuff, Zarija Luki¢, Edward C. Milner
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« Using charged particles allows beam
focusing to match object size.

oL arge quadrupole electromagnets focus
800MeV pulsed proton beam.

i\

Ijuminatipng and Scattered Rays [cm]
- =

«RF accelerator creates a large number
of individual beamlets suitable for
Seo N S dynamic movies.

Object MCS le
* lluminator spreads rays scattered by diffuser to ;Iﬂff 15 ,:';g
cover object, while providing achromatic correlation.

-
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llluminator Beam Monitor Lens Image Lens 1

~
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* Monitor lens copies phase space distibution
observed at ILO onto object.

* Angle cut collimators are placed al Fourier pl4
where rays are sorted by object MCS angle.



MOXIE Proton Radiography
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«Movie shows a detonation of an
aluminum flyer plate experiment at
LANSCE.

«Each frame is 50ns duration.
«Flyer plate is moving ~2km/sec.

«100us long movie images material
dynamics from detonation to extinction.





| esgulsed X-ray source at DARHT.

lique, plastic scintillator loaded into
2d tungsten matrix.

of nanosecond-time-scale radiographic

ché‘pterization.

P1 = 1.9+/~ 0.2mm P2 = 1.7+/- 0.2mm

P3 = 2.14/~- 0.2mm P4 = 2.6+/— 0.2mm




ViegavolttBucky Grids

Potter—-Bucky grid: 1920s

Ision manufactured using cast and/or

DIAPHRAGME - ched tungsten (Tecomet, Mikrosystems).
POTTER-BUCKY :
' *High aspect ratios (>400:1).

emonstrated >1000:1 gauging sensitivity
; hFaugh 14” thick steel.
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Design, Fabrication and Testing of a Large, anti-Scatter, Grid for Megavolt »-Ray
Imaging. 2005 Nuclear Science Symposium.



« Deep water radiography (5000ft).

«“Chu at one point pushed the idea
of using gamma rays to peer into
the blowout preventer to determine
If the valves were closed. The
suggestion elicited snickering and
Incredible Hulk jokes. ‘They
weren’t hot on his ideas’, said a
. —— senior White House official. “Now
s s "i 3 they are.”” — Washington Post
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eutron Radiography

howed high contrast on 3-He gas in metal
container.

eUnique use of Cf-252, dysprosium sheets and
helium-3.

eRecently demonstrated with giant resonance
photo-neutrons.

252Cf |sotopic Source

Fission Neutron Poly Moderator
T=85 years

Red Laser
Thermal Neutrons Helium-3 Absorber

(Prompt) Stimulation Light In

Dysprosium
Modulated Flux Neutron Capture
(Prompt)

[- emission BaFBr
t=2.3h Storage Phosphor

The Use of 3-He as a Gas Contrast Agent in Neutron Radiography(U). LA-UR-12-
24389. The All Russian Research Institute of Automatics (VNIIA) Portable Neutron
Generator and Technology Conference. 2012. Invited Paper

Berger, H., ed. Practical Applications of Neutron Radiogrpahy and Gaging.
ASTM. STP586. 1976.



{
_'_:;. «Used associated-particle technique to
rradiograph through very thick objects.

«14MeV DT neutron generator source.

’l" «14MeV neutrons can penetrate about
twice the high-Z material as MeV y-rays.

«Collaboration with John Mihalczo of
ORNL.

«Material identification and thick object
radiography demonstrated.

L. E. Ussery, C. L. Hollis. Design and Development of the Associated
Particle Technique. LA-12847. Los Alamos National Laboratory. 1994.



LANSCE Flight Paths

* Flight path 5: Thermal and Epi-
Thermal Neutrons
 Flight path 15R: 1MeV to 800 MeV

Computed Tomography
x o Varian 25x20cm, & Perkin Elmer
40x40cm.
» 3 axis, 200kg motion control.

X-Ray Radiography and Computed Tomography

Tom Og rap h of hi g h Capabilities at AET-6. Los Alamos National
Laboratory. LA-UR-12-00030. 2012.
pressure rock core



IVITmvIZOSIDetector Technology

ympletely replaces mobile, wet film lab.

now literally possible to carry an
tire x-ray system in your hands.

MiniMAX: Miniature, Modular, Agile, X-ray System (U).
SPIE Defense Security & Sensing Conference. 2012.
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